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ABSTRACT!
Voltage and magnification are the variables of
exposure used to investigate the effects upon the
detection of lesions on lung tissue of a phantom.
Analysis by percent correctness and ANOVA indicate that
the voltage and magnification for the levels investigated
had no significant effect upon detection accuracy. ROC
analysis of the data also show no significant increase
in detectability attributed to the variables investigated,
The ROC evaluation does indicate a slight increase in de
tectability of the simulated lesions, while the percent
correctness SLnstlvsisdoes rot* Thi~ difference in-3.'t-r bs
due to the bias of the observers and removed by the ROC
analysis.
I. INTRODUCTION
Thirty to forty percent of all medical radiographs are
of the chest region. Approx iamately twenty percent of the
X-ray images produce false data when testing the accuracy
of diagnosis. There are two explanations for this. First,
there are a great number of changes in technique that may
influence the quality of the radiographs and second; the
experience and education of the radiologist, and the risk
that he or she is willing to take when making a diagnosis.
Some of the changes in technique that may influence the
quality of the radiograph for diagnostic purposes are:
A. Kilovoltage. The quality of radiation may range
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The harder (higher kV) radiation subjects the patient to
less radiation, while it is argued that early stages of lung
disease are more easily perceived with soft radiation. With
higher voltage there is an increase of scattering that de
grades the image with fog. Thus the quality of the radiation
is of prime interest to both the radiologist and the health
physicist.
B. Milliampere-Seconds. Milliampere-Seconds, the
product of the current times time, directly influences
radiographic density.
C. Magnification Radiography. Magnification radio
graphy is becoming increasingly popular for radiography of
arteries, some major organs, and for chest work for infants
and children. Magnification is obtained by varying the
ratio of the object film distance (OFD) to the aperture
object distance (AOD). See Fig 1.
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Eq. 1. Magnification AOD + OFD
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Magnification radiography improves the image by
diffusion of the radiation before passing through the object,
thus decreasing scatter. The greater the OFD, the less
scatter is present to degrade the image. For fine detail,
false image formation may occur resulting in a phase shift
of the image. This effect is commonly known in photography
as spurious resolution and can cause the Optical Transfer
Function of the radiographic system to become negative for
objects of high spatial frequency. This effect can prove
visually superior by enhancing the image of the radiopaque
object. The larger image size can also aid in the detection
of abnormalities in the body. Disadvantages of magnification
radiography are numerous. Because the intensity of the
X-radiation obeys the inverse square law, as does light,
there is a significant increase in irradiation to the
patient. There is a decrease in field size that can be
radiographed, limiting the area exposed, to a small area of
the patient. In addition to image distortion, magnification
radiography contributes to geometric unsharpness, resulting
in a decreased edge gradient for increased magnification.
See figs two and three.
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Decreased edge gradient for magnification radiography.
Radiographic quality should be evaluated along real
istic lines rather than upon the emotional response of an
observer and upon the evaluation of objective measures, that
may not correlate with the actual clinical situation. In-
order to do this, the criteria for exposure should be based
on a sound and logical basis. There should exist a balance
in compromise between the exposure factors used, the
clinical situation as presented to the technician, and the
objective of the examination. If the quality of the
radiography cannot aid the radiologist in his diagnosis,
then the practical reasons for failure should be recognized
and investigated. The following criteria for obtaining
satisfactory radiographic quality may serve as a guide to
better radiographs.
1) All image areas should be translucent to the
viewer when seen through an X-ray illuminator.
2) The image should consist of silver deposit. Areas
devoid of silver are useless as are areas of
excessive density.
3) The object examined should be fully penetrated.
4) Adjacent contrast of density should be such that
m 4 ~~<t*.**'*v*'t--;o +*.*. "u.~ -i-*..** .* -* <*-~ - ~ ~. - i- ~ *3 _
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5) Image details should not be obscured by secondary
radiation.
With all the factors that go into making a successful
radiograph, it is important to see how these factors affect
the radiographic image. The claims of
significant"
increases
in image quality with high voltages and magnification radio
graphy provide a need to investigate these claims. This
problem involves perception, more specifically, perception
of small detail.
In order to investigate the perception of small detail
in medical radiography, a chest phantom will simulate the
human chest in both anatomic strucute and mass absorption
of the X-radiation, Particles of a mass absorption similar
to that of soft tissue will serve as simulated lesions. The
task as presented to the radiologists was to detect these
simulated lesions in the lung field and indicate where it was
located, if visable to him. Since the simulated lesions are
placed in the phantom by the test examiner, the true location
of the lesion was known. The results were analyzed in two
ways. The first was percent correctness where the percent
probability of detection is calculated on the basis of whether
the simulated lesion is detected or not. Included in percent
correctness is true negative, where the observer responds that
no simulated lesion is present, and in fact it is not.
Another method of analysis involves signal detectability
theory. The data will be presented in the form of a
Receiver Operating Characteristic function (ROC), a represen-
A
tation between the hit rate (HR) and the false alfrm rate (FAR),
as a function of the observers decision criterion. In radio
graphy, the observers results are prone to such factors as
their expectations and the consequences of a wrong decision.
This biasing of data, while not intentional, may increase
variability of the detection criteria, that may lead to mis
interpretation of the radiograph. ROC functions distills
and quantifies the various factors that bias an observers
report and leaves a relatively pure measure of discrimination.
to construct, an nOC function a number of degrees of
certainty are required. The observing radiologist responds
to a chest radiograph and reports whether a simulated lesion
is present or not with a degree of certainty of that decision,
See Table 1.
Table
1*
9 I am absolutely certain that the
simulated abnormality is not present
8 I am more than "fairly certain " that the
simulated abnormality isi not present
7 I am fairly certain that the simulated
abnormality i not present
6-- I am more than "just guessing" that the
simulated abnormality is not present
5 I am just guessing that the simulated
SL-jnoTma -.ixy is not present
4 I am just guessing that the simulated
abnormality is. present
3-- I am more than "just guessing" that the
simulated abnormality is present
2-- I am fairly certain that the simulated
abnormality iis present
1 'I am more than "fairly certain" that the
simulated abnormality is present
0 I am absolutely certain that the
simulated abnormality is present
The meaning of the degrees of certainty are evident. If the
observer indicated that he believes he sees the simulated
lesion in the phantom, he was asked to indicate in which
* As taken from Reference J. .
quadrant it was located. Note the distinction, that the
radiologist was asked to respond as to how certain he was
that the simulated lesion was located in the phantom, not
whether he merely saw a light spot on the film. Thus the
signal detectability theory differentiates the perceptual
situation into two divisions* Noise and Signal to Noise.
When the bias is removed from an observers response, the
analysis is moire accurate and sensitive than when the bias's
are left in, as with the percent correctness..
The objectives of this experiment were Lto investigate
the effect of voltage changes, magnification and location of
the simulated lesion in the lung field, upon the perceptabil-
ity of these moderately small (5-7mm) lesions. The use of
quadrants of the chest allowed the experimenter to investi
gate the perceptability of the lesions, depending on their
location. The quadrants also allowed one to check the
correctness of the responses for all the factors. The
quadrants are shown in Fig 4.
Fig 4
Right Left
Lung Lung
Quadrants of the Chest Phantom.
It is hoped that from the data obtained, more knowledge is
gained of these questions:
8How the radiologist views the radiographs
His criterion of decision certainty
Effects of magnification, voltage and lesion
location on perceptability
Ideas for future applications of this method in
medicine and other fields involving the perception
of unknown stimuli.
II. EXPERIMENTAL
A. Test Objects
1. Chest Phantom
In order to carry out a test in perceptability, the
radiography should simulate the anatomy of the body under
investigation, A phantom is the name of an object that
simulates a part of thft anatomy and is used for repeated
exposure to radio.tier-, since to do so for a living person would.
certainly be detrimental to his health. In addition, the
phantom doesn't change as does a person, thus can be used
over an extended period of time without variation in the
radiographs. The phantom had to accomodate the design of the
experiment i.e., changing the location of the simulated lesion
within the lung field. A phantom that fullfilled these
requirements was a commercially available chest phantom
produced by Minnesota Mining & Manufactoring Co., The chest
phantom had a complete skeletal system from the neck to the
last set of ribs, and included the vertebra column. The
phantom was molded, in the form of a chest, of an acrylic
plastic that simulates the density and scatter of human flesh,
This property makes the phantom look similar to a human being
and useful for this experiment. Included in the phantom was
a heart and diaphragm, both constructed of a high density
plastic, to simulate the anatomic situation. The object was
hollow on the inside, so that the heart and diaphragm could
be pulled out and the simulated lungs and lesions could be
introduced and changed at will. See Fig 5
Fig 5. Photo of Chest Phantom
2. Simulated Lesions
The selection of the simulated lesions presented an
intriguing problem. The lesions had to bes
unarabigous (normal or abnormal)
verifiable
of borderline difficulty
A number of tests were made on such materials as wood,
cork, and Poly Vinyl Chloride. The wood and cork were not
dense enough, even though wood has approx iamately the same
mass absorption as water, which is soft tissue density.
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Small rounded sphere of Poly Vinyl Chloride were tested and
found to be too dense j always being detected by a test observer.
Lucite spheres with a density similar to that of soft tissue
density were tried and found to work quite well. The spheres
had diameters of 1/8", 3/8" and 5/8". The simulated lesions
were difficult yet not impossible to detect when radiographed.
Yet the rounded shapes did attract attention, and did not
simulate a turburcular lesion as it may actually appear.
As a result, the sphere were melted and formed, by hand, into
irregular shapes of varying sizes. Their sizes ranged from
two millimeters to 10 millimeters, with most of them
measuring five to seven millimeters in diameter. See Fig 6.
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Fig 6. Photo of Simulated Lesions
3. Simulated Lungs
The background noise in a chest radiograph can be attributed
to the lungs, and in what condition they are in. Lungs filled
with water due to heart failure, or infected with emphysema
can drastically increase the background noise in a radiograph,
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thus decreasing the chances of a successful diagnosis. The
selection of the simulated lungs was one of the more challeng
ing problems of the experiment. A number of materials including
sugar, spun plastic and sponges were tested. The sponges
proved the most successful and were investigated further.
A number of synthetic sponges were radiographed dry, and
thenjsoaked in a dilute solution of Hypaque, an iodide
contrast agent. A sponge that appeared somewhat like a
diseased lung was selected for the experiment. The simulated
lung had initially been soaked in the dilute Hypaque solution
then allowed to dry. The iodide content of the solution
remains in the sponge upon the evaporation of the water. It
must be mentioned that the lungs are a difficult part of the
anatomy to simulate. They are porous and composed mostly of
air, yet they do produce a great deal of background noise.
Thus the, simulated lung used for this experiment is only
meant to simulate the lung, and not to produce a facsimile
of the lung. After the initial phase of the experiment,
another sponge soaked in Hypaque was used to simulate the
lungs. The difference between the sponges and the resultant
radiographs are shown in Figs 7,8, and 9.
\ . * .^U *VV,V, ': K'7 : i '<'7> 7 - f ->-
SsVi -ty-. <y? \\ %v.y- - " -a a ! v^
1
?*
. a
& l.. - -.. !h--- rXt-t^ym-y** i? **3.yyKi
l
FtRS-t- SPoMGE SecoHO SPoNG
Fig 7
*12
Pig 8. Radiograph of First Sponge
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Fig 9. Radiograph of Second Sponge
Note the inhomogenuity of the first sponge as compared to
the second. On the basis of the experiment, a sponge
soaked in a contrast solution is a good simulation of a human
lung, but caution should be used in its selection. If the
sponge is too inhomogenius , the background noise will be too
great in proportion to the signal (simulated lesion), and
the data may not correlate to a real clinical situation.
13
B. Film and Processing
The film, film cassette, intensifying screen, and
processing was all part of the Kodak X-OMATIC product system.
The film used was 14 by 17 inch Kodak X-OMATIC RP Regular
Film, designed for general radiographic use where a standard
film-screen combination is required. See Appendix I for the
sensitometric properties of the film as published by East
man Kodak. The Kodak X-OMATIC Intensifying screen emits
substantially in the ultraviolet portion of the spectrum, the
area where the film used is most sensitive. The high ab
sorption of UV energy in the first emulsion reduces the energy
transmitted through the film base to be recorded as unsharp
image density on the second emulsion. A thicker layer of
phosphor contributes to greater X-ray absorption thus
reducing quantum mottle.
The Kodak X-Omatic Cassette, C-l, provides good film
screen contact by slightly curving the two vinyl covered
aluminum covers. When the cassette is closed, the action of
the curved front and back roll the air from the cassette,
creating the good contact of screen and film.
The films were processed in a Kodak RP X-OMAT Proc
essor using the recommended Kodak RP X-OMAT Chemistry.
This is a 90 second process used in most radiological
departments. The processing equipment was constantly under
supervision by quality control personnel.
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C. Exposure Variables
1. Kilovoltage.
The kilovoltages selected for the experiment were
60, 75 and 90 kV. This covers the quality range preferred
by most radiologists for chest radiography. The increase of
15 kV was expected to demonstrate a perceptable change of
detail in the radiographs. The voltage of 60 kV is con
sidered the standard, and the 75 and 90 kV will be compared
to the lower kilovoltage,
2. Milliampere-Seconds.
The milliampere-seconds range is to vary as necessary,
so as to produce radiographs of approx iamately the same over-
2.^ 1 d^rs ^ "*"" As msn^"^ onsd before "*"he **'"*'*3ji+ and time can
be adjusted so as to compensate for other exposure changes
and produce the same photographic density on a given area
of the film. An attempt was made to keep the current
constant and vary the time, since there is evidence that
different currents affect the distribution of radiation from
the X-ray tube, thus affecting geometric
sharpness.'
3. Magnification.
The three levels of magnification ares one times mag
nification (or simply a life size image), one and a half
(1.5) times magnification and two (2.) times magnification.
While a two and one quarter times magnification would have
been preferable for an empirical reduction of the data,
15
limitations of the equipment could not have accomodated
that magnification. The two magnifications of 1.5X and
2.X represent values of practical application, and will be
compared to the life size radiographs (1.0X). The values
for object film distance (OFD) and aperture object distance
(AOD) are given below for the two magnifications.
1.5 Magnification i A0D= 27" 0FD= 17"
2.0 Magnification: A0D= 19" 0FD= 20"
It should be noted that for the one times magnification, a
1.0 mm focal length X-ray tube was used. For the other two
magnifications (1.5X and 2.X) a 0.5 mm focal length X-ray
tube was used. This was necessary because the 1.0mm tube
*- "*. . . t -- ^* *~- *3 r? .-WVi A* Vfc -f- f. *&M ^X.B -V* A-i. AVIA !T.Vn i LL'l *f-.r-. /"? "WlS J^ 4 B + ^ ftK ^T "(~ 'z Cj
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understood that the characteristics between the two tubes
may not be the same, yet the magnification of the image
requires the smaller spot size. It is this over-all
effect of magnification and changing the focal length of
the X-ray tube that this experiment was determined to investi-
gate. The problem of different X-ray tubes radiance distri
bution is discussed in reference a, by Milne.
Table 2 lists the values for the kilovoltage,
current x time and magnification as they were varied in
the experiment.
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Magnification
IX
IX
IX
1.5X
1.5X
1.5X
2. OX
2. OX
2. OX
Table 2
Voltage
60 kv
75 kV
90 kV
60 kV
75 kV
90 kV
60 kV
75 kV
90 kV
current x time
8 mAs
3 mAs
1 mAs
20 mAs
8 mAs
4 mAs
25 mAs
12 mAs
5 mAs
D. Experimental Design
The experiment was designed as a crossed 3x3 procedure.
For each of the nine cells in the experiment, five radio
graphs were prepared, with one simulated lesion in one of
four quadrants of the chest, and one film without a lesion
present at all. This was to insure that there was no pre
ference to one area of the chest. As told to the radiologist,
no more than one simulated lesion appears in any of "the films,
and it is possible that no lesion is present at all. Thus
a total of 45 films were used for the first perceptability
tests. See Fig 10 for the layout of the experimental design.'
6075JO W
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Fig 10. Experimental Design
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The selection of the simulated lesions was random, thus
allowing a range of lesion sizes to be picked out. It was
hoped that this selection of lesions would most simulate a
clinical situation where the lesions change from patient to
patient. Further into the experiment, it was realized that
the variability of the lesion size might have been too great,
and might have adversely affected the data. Another problem
encountered was that the simulated lung had been moved, thus
changing the actual lung field. As a result the radiologist
could not refer to a normal lung and expect to see changes
due to the prescence of a simulated lesion.
A shorter experiment where magnification was the only
factor varied, and the simulated lungs were not moved} and
only one simulated lesion was used for the duration of the
experiment. The lesion was of medium size and measured
eight (8) millimeters in width. The exposures for the
second set of test films were as indicated in Table 3
Table 3
Magnification Voltage Current x Time
IX 70 kV
1.5X 70 kV
2. OX 70 kV
E. Perceptability Tests
For the perceptability tests, the films were placed
in random order and presented to five staff radiologists and
3 mAs
8 mAs
12 mAs
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five radiology residents. The conditions for the observations
were the same for each observer. A shaded room with a Picker
Co. X-ray illuminator were used for the test. A "bright
light" was available to the radiologists, , if needed. The
bright light allowed them to inspect for changes in relief
of the images and to penetrate optically dense areas of the
film. There was no time limit for the tests. A demonstration
film was given for reference to the observer showing a
healthy"
chest (no lesions present) and another showing what
the simulated lesions look like when radiographs were made
of them. Instructions were read to the observers on how to
judge the films and respond whether they believe a simulated
lesion was actually present in the phantom or not and how
confident they were of their decision. See Appendix II for
text of instructions. The observers were asked to locate the
lesion and indicate where they thoughtjthey were by indicatig
the quadrant number.
Throughout the testing, each radiologist took great care
and patience in evaluating each film of the test. Comparison
to the normal chest film was frequent, and the bright light
was often used. It is interesting to note that while the
observer was hesitant and very often unsure of their decisions,
they usually gave responses that were either very positive
or very negative, i.e., on either end of the degree of
certainty scale, even though they were encouraged to draw
from a wide range of certainties from the scale. After
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about half the test, the observers became fatiqued, but
continued to give a maximum effort for the test. As
mentioned earlier, many of the observers complained of the
inhomogenuity of the simulated lung, especially for
magnification films. The observers were also quite confident
that they rarely saw the small lesions, if there were any,
and claim they only saw the larger ones.
F. Methods of Analysis
1. Percent Correctness
Of all the films shown to each observer, some will be
negative and others will be positive, i.e., the simulated Us/<?n
may or may not be present in the phantom. When the observer
makes a decision on whether he believes the abnormality is
present or not, he is either right or wrong. The ratio of
the number of correct decisions the radiologist makes to
the total number of decisions he or she makes, times 100,
is the percent correctness. This number does not account
for the personal bias of the observers, thus this method is
not the most sensitive measure of changes in detection ability.
2. Receiver Operating Characteristic Functions
As previously mentioned, detection theory is a basis
for treatment discrimination in psychophysics. With the
ROC analysis, a distinction is made between the criterion
that the observer uses to decide whether a signal is present
and his sensory capabilities as a signal detector. The
20
procedures used to generate the ROC functions were developed
at the University of Arizona, Optical Sciences Center.
The degree of certainty scale allows each observer to
make a yes/no decision of whether an abnormality is present
or not, yet enables the experimenter to obtain a criterion
level for their decision. This criterion level is the
source of bias in human performance and once it is known, the
bias can be removed.
The goal for this experiment was to measure changes
in signal-detection accuracy when voltage and magnification
are varied. The use of ROC in such an experiment should
prove superior to conventional rating or scaling techniques,
because quantitative data will be obtained of the performance
of the observers for each factor change of the experiment.
The hit rate for the observer is dependent upon his
willingness and degree of certainty in making his decisions.
The more reluctant the observer is to say that he sees an
abnormality, the HR will be less than maximum and accord
ingly a low false alarm rate. If the observer believes he
sees an abnormality on the criterion of seeing a light
spot on the film, i.e., an easy "yes" for the presence of
the lesion, there will be an increase in the HR and a re
lated increase in the FAR. In any case, the difference bet
ween HR and FAR would remain fairly constant, regardless
of the criterion level used. The ROC function depicts the
difference between HR and FAR across a number of criterion
21
levels, providing an estimate of the difference between the
noise and the signal plus noise distribution. See Fig 11.
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Fig 11. Noise and Signal Plus Noise
When changes are made so that the effect is less than optimal
observation conditions, the overlap of the probabilities is
increased. At this point it becomes increasingly difficult
to differentiate between noise and the signal plus noise.
The greater the shaded area, the less certain the observer
will be in making his decisions. Neither the hit rate nor
the false alarm rate determines the observers ability to de
tect abnormalities j however the relationship between the two
counts will provide a true indication of the observers performance,
The perceptability tests were administered to the obser
vers and the -data tabulated for the degree of certainty
by frequency for each of the factors. The reference cond
ition for the exposures were 60 kV and the Magnification of
one. Each of the quadrants were compared to the radiographs
where no abnormalities were present. The frequencies for the
degree qf certainties were then transformed into cumulative
probabilities. These cumulative probabilities over the
levels of confidence estimate the hit rate for the reference
22
observation condition. Cumulative probability tables are
constructed for the non-reference conditions (75kV, 90kV and
1.5X, 2.X) yielding estimates of the false alarm rates under
the reference condition. For each confidence level, the
HR was plotted along the vertical axis for each FAR along
the horizontal axis. This was done for each of the factors.
The positive diagonal represents the chance line; where if
the HR and FAR falls along or below this line, it implies
poor detectability discrimination. The further an ROC
falls from the chance line, the greater the observers
sensitivity to difference between the abnormality is present
and when the abnormality is not present. If the ROC falls
to the right and below the chance line, the changes in de
tectability are random and not due to any change in controlled
factors. The distance from the ROC to the positive diagonal
is an index of the observers ability to detect abnormalities
in the radiograph. Since the ROC takes the observers bias
into account, the distance measure is not confounded with
the degree of, certainty as chosen by the observer.
The distance parameter (or degree of detectability) ,d ,
is calculated from the normal deviate values for the
cumulative probabilities of the HR's and FAR's used to
generate the ROC functions. The Z score for each of the FAR
cumulative probabilities is determined, then the Z scores are
manipulated by the following formulas :
23
Formula 2
Formula 3
i=2
10
i=2
JHR<
-r- <V-> - mZhr
JFAR^ (Nc-1) =- M.
--far
NQ= Number of confidence levels, assumed
equal to decision criteria.
In essence, the columns for the Z scores of the HR's and
FAR's, for each factor (voltage, magnification and lung
quadrant), are added up and divided by (N -1). The
detectability, dm, is then;
Formula 4
ro Zhr Zfar
Note that the reference condition of tsOkV at IX magnification
will have a d of zero. These values of detectability can
then be tested for significance using Analysis of Variance.
See Appendix ill for an detailed example of how the HR, FAR,
Z scores and d are found.
m
Cumulative response frequency functions have also been
generated by plotting the cumulative frequency of the degrees
of certainty. When a cumulative response frequency function
has a steep slope, responses are similar for most observers.
When the slope is gradual, responses have a greater variance.
Note: At 1he present time, observers have not been
available for the perceptability tests for the second phase
of the experiment, due to a tight schedule at the hospital.
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III. RESULTS
A. Percent Correctness
The percent correctness for each combination of
the factors (kilovoltage and magnification) were computed and
the influence of the factors tested by Analysis of Variance.
On the basis of the data collected for this experiment, it
is found that neither magnification nor kilovoltage have
significant effects upon the percent correctness for
detectability of simulated lesions. The null hypothesis is
thus accepted. Since the factors have failed to demonstrate
a significant effect, the values of percent -correctness
are averaged and graphed against the corresponding factor level.
See Graph 1 in Graph Section of this report.
B. ROC Functions
1 . Magnification
The hit rates and false alarm rates were suppressed
for all the levels of voltage. The results are two ROC's
(one for 1.5X and one for 2. OX) and compared to the chance
line which represents the IX magnification. See Graph 2 for
the effect of magnification.
2 . Voltage
In this case the HR's and FAR's for the three magnifi
cations are suppressed, resulting in two ROC's for the
voltage of 75 kV and 90 kV. The chance line in this case
represents the 60 kV voltage. See Graph 3 for ROC's of the
effect voltage has on detectability.
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3 . Quadrants
The HR"s and FAR' s for both magnification and voltage
are now suppressed and the ROC's for each of the four
quadrants are graphed. The chance line represents detect
ability when there are no simulated lesions present in the
chest phantom. See graph 4.
C. Cumulative Frequency of Response (C.F.R.)
The cumulative frequency of response has been graphed
for both magnification and voltage. The effect of magnific
ation has been suppressed for the graphs of the C.F.R. for
voltage, and in turn, voltage has been suppressed for the
magnification's curves. See graphs 5 and 6 for the
cumulative response vs. Certainty of Response for each factor.
A frequency histogram of the degree of certainties
chosen by the observers has been made of all the decisions
for the entire experiment. See graph 7.
D. Measure of Detectability, d
The measure of detectability for each factor combination
had been calculated and found by ANOVA not to be significantly
changed by the factors investigated in the experiment. The
changes in voltage and magnification failed to effect
detectability, and the null hypothesis is again accepted.
The values of detectability, dm, are averaged and graphed
as a function of both magnification and voltage. See graph 8.
E. Mean Rating
The mean rating of confidence for each factor change,
26
was calculated from all the responses of the experiment and
graphed as a function of each factors voltage and magnification.
See graphs 9 and 10.
IV. DISCUSSION OF RESULTS
A. Percent Correctness
While the factors magnification and voltage had no
significant effect upon percent correctness, there was an
overall downward trend for the higher levels of the two
factors. The observers were correct "less" often for the
voltages of 75 and 90 kV and for the magnifications of
1.5X and 2. OX. This may be attributed to the fact that
at the higher voltages, the simulated lesions are over-
penetrated by the radiation, and due not form a detectable
image as for the lower voltage of 60 kV. When magnification
is increased, the inhomogenuity of the sponge, which with
its large cavities, had sharp outlines as its image. This
may have added to the confusion of the lung field thus
obfuscating the detection of the lesions. This effect may
be due to. image diffraction, resulting in a negative Optical
Transfer Function, thus enhancing the image.
B. ROC Functions
1. As the magnification factor is increased to 1.5X
and 2, OX and compared to the one to one magnification,
there is a marked increase in detectability, but not a
significant increase. This is not in agreement with the
percent correctness data. The discrepancy may be attributed
27
to the absense of biasing by the observing radiologists as
isolated by the ROC statistics. Now one can see how the un
intentional bias of the observer can "hide" valuable
information regarding the changes in perceptability.
2. Voltage
Again, as voltage is increased to 75 and 90 kV, there
is a small increase in detectability, though not significant.
Now that the observer's bias is removed, we can see that
indeed the lesions are not being over-penetrated. By using
the ROC functions, much can be learned on not only the
perceptability of an image, but of the physics of imaging
different types of abnormalities.*
3 . Quadrants
In this case, there is no significant difference
whether the lesion is located in any one of the areas of
the lung field. (Provided the lesions are not placed over
any ribs.) Thus the detectability of a lesion is the same
for the upper lung area as for thw lower lung area,
and any differences can be attributed to random error.
C. Cumulative Frequency of Response
1. Magnification
There are two important facts to be seen in this
information. The first is the certainty of the observers
greatly drops as magnification increases. The observers
were uncomfortable with the magnification films and were
28
not as sure of themselves. This is represented by the
vertical drop in the graphical display. One can also infer
from the graph that the discriminations were difficult
and the accuracy low.
2, Voltage
The changes in voltage had less of an effect upon the
certainty of the radiologists for their decision making.
The vertical spread toward the middle of the certainty scale
shows there was more variability in this region than for the
more definite decisions on either end of the scale.
3. Frequency Histogram of Degree of Certainty
From this graphical representation, one can infer
that the radiologists were more often very definite about
their decisions. The observers very rarely wanted to
"guess" and preferred to be "absolutely certain" that a
simulated abnormality was present.
D. Measure of Detectability, dm
This information is merely an indication of how far the
ROC function* is from the chance line. As mentioned in the
discussion of the ROC data, the detectability does increase
for voltage and magnification, but not significantly.
E. Mean Rating of Confidence
The mean rating versus the varying levels of the
factors is an interesting relationship. As the magnification
and voltage increase, the radiologists become less sure of
their decisions. However, while this change in the mean
rating is small, the data reflects the difficulty of
29
radiologists to adapt and feel comfortable when the
technique of radiographic exposure is changed for the norm.
Note that as the magnification and voltage are in
creased, the detectability, d , increases with a corres-
ra
ponding drop in percent correctness and degree of confidence.
This result is surprising for the effect of observer bias
indeed seems to be quite significant for this experiment.
Perhaps this can be explained by the high level of back
ground noise, i.e., the simulated lung. The results of
the finer spon would possibly jshow a significant increase
in detectability with the changes in magnification and
voltage, and a better correlation betvesn percent correct
ness and detectability index, d.
au .
IV. CONCLUSIONS
The changes of magnification and voltage failed to
demonstrate a; significant increase in detectability of small
simulated abnormalities in the chest phantom. While the
percent correctness data showed a decrease in detectability,
the ROC functions demonstrated that once the observers
unitentional bias was removed, there was a slight increase
in overall detectability as reflected by the increase in
the detectability index, dm>
The results show that as the voltage and magnification
incresed the radiologists became less certain and as a
result, a drop in their degree of confidence was observed.
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When films are shown to the radiologist that are different
or inferior, by their standards, they are more likely to
be misinterpreted and looked upon with less confidence. It
is also observed that the most frequently chosen degree
of confidence was zero, reflecting the confidence of which
radiologists like to make their, decisions, even though these
decisions may be very difficult. The location of the
abnormality in the lung was found to have no significant
effect upon detectability.
The use of ROC functions in this experiment demonstrates
how effects due to factor changes may be obscured by the bias
of the observer, and not reflected by a percent correctness
analysis. Thus ROC can become a very valuable statistical
approach in perceptability studies. This calls for an
increased effort on the part of scientists to understand
the unintentional bias of observers and to learn more of
the psychophysics of perception. ROC may be able to
optimize medical radiographic exposure technique, resulting
in a maximum diagnosis rate for patients. New techniques
and products can be investigated and ^heir merits objectively
evaluated. ROC can also be used to help in finding more
realistic phantoms. Further work should be pursued in in
vestigating whether search patters can be controlled, in
order to maximize detectability.
ROC functions are a powerful tool of statistics, allowing
one to make measurable estimates of human detectability.
Such a technique should prove useful in photo-interpretation,
medicine and product testing.
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Appendix I
KODAK X-OMATIC G Film
Log Exposure,
e
res/cm""
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Appendix II
Instructions to Observers
Accurate detection of lesions in the chest or other parts
of the body, by means of radiography, is an important pro
blem as you well know. The present experiment is a simplified
version of this problem. We are going to show you, one at a
time, a number of radiographs of a chest phantom with no more
than one simulated lesion present at one time. The possibility
exists that a lesion is not present at all. If a lesion
is present, it will be located in one of the four quadrants
of the chest as indicated on the sample films. Samples of
the simulated lesions are also in front of you. For each
radiograph that we show you, we want you to tell us how
certain you are that a simulated lesion is present in the
phantom. Film density, sharpness and magnification may
vary, but pay no attention to this. You should think about
the object that was radiographed, not the resulting film.
To make you replies as rapid and accurate as possible, we
ask you to report one of the numbers shown on this card when
we show you each film. For example, 9 means "I am
absolutely certain that the simulated lesion is not
present. Seven means "I am fairly certain that the
simulated lesion is not present. If you respond that the
lesion is present (responses *f through 0), indicate the
quadrant number in which you believe it to be in.
In other words, we are asking you to put a numerical
value on you own degree of certainty that the lesion
was present or not. Please use the full range of certainty
numbers if you possibly can. This will produce much better
results for the experiment as a whole. Do you have
any questions before we start?
kJA.
Appendix III
ROC ANALYSIS
Hit rate false alarm rate
Confidence ;IX 1.5X 2. OX
level f .cf cp f cf cp f cf cp
0 (0) 12 1.00 (2) 12 1.00 (3) 12 1.00
1 (0) L2 1.00 (D 10 .83 (D 9 .75
2 (0) 12 1.00 (2) 9 .75 (2) 8 .66
3 (1) L2 1.00 (0) 7 .58 (0) 6 .50
k (3) 11 .92 (2) ~ 7 .58 (2) 6 .50
5 (2) 8 .66 (0) 5 .^1 (D k .33
6 (1) 6 .50 (1) 5 .41 (1) 3 .25
7 (1) 5 .-U (2) 4 .33 (2) 2 .16
8 (2) k .33 (1) 2 .16 (0) 0 .00
9 (2) 2 .16 (D 1 .09 (0) 0 .00
The above is for hypthetical data, from Reference 2.
Hit rate fals e alarm rate
0 ZHR 0 ZFAR 0
1 ZHR 1 zFAR 1
2
, ZHR 2 ZFAR 2
3 ZHR 3 ZFAR 3
-* ZHR 4 ZFAR k
5 ZHR 5 ZFAR 5
6 ZHR 6 ZFAR 6
7 ZHR 7 ZFAR 7
8 ZHR 8 ZFAR 8
9 ZHR 9 ZFAR 9
Now use Formulas two, three, and four to find dm.
Appendix IV
Radiograph at 1.0X Mag.
43 0.
...-,
J
Radiograph at 1.5X Mag.
f
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